The role of diet in the etiology of breast cancer is not well understood despite extensive research. In the majority of this work, a single nutrientbased approach has been used which does not take into account combinations of food that are consumed. An alternative to the single nutrient approach is to identify patterns in the dietary intake information and relate these patterns to disease incidence. This investigation characterized dietary patterns among participants of a Canadian case-control study and related these dietary patterns to the incidence of breast cancer.
B reast cancer is a global health concern, with incidence rates steady or climbing in high-income countries and both incidence and mortality rates increasing in other countries. 1 In Canada, the number of women living with breast cancer has been increasing; there has been an estimated 1.5% increase in prevalence between 2000 and 2010. 2 There has been considerable research investigating the impact of dietary behaviour on the development of breast cancer. Apart from the association with alcohol, consensus is lacking on a wide variety of dietary components. 3 However, the etiologic role of diet in breast cancer incidence is still strongly considered in epidemiological research. The wide geographic variation in global incidence of breast cancer 4 suggests the possibility that cultural or environmental aspects may be related to the disease. Further, studies have demonstrated that the incidence rates of breast cancer in migrants shift to levels in the countries they immigrate to after one to two generations. 5 In laboratory research, evidence has been found suggesting how antioxidant properties of some nutrients can affect genetic processes such as DNA synthesis and repair. 6 Diets rich in fruits and vegetables have been linked to decreases in risk of several chronic diseases, including several types of cancer. 7 Epidemiological research on diet and breast cancer has tended to focus on the investigation of single elements of diet, such as micronutrients, macronutrients, alcohol consumption and energy intake of various food categories. [8] [9] [10] There are many advantages to the nutrient-specific approach. It facilitates comparisons between studies of populations that differ in dietary patterns. Furthermore, it is easier to support results with laboratory research on the biological mechanisms that may explain these associations. However, in isolating particular components of a population sample's dietary information, other components of a sample's diet are left uncharacterized in the analysis. The intake of uncharacterized dietary components could be related to the intake of the item in question, or the disease itself; this introduces the possibility of confounding and effect modification, which could potentially account for some of the inconsistency across epidemiological studies. 6 An approach that attempts to account for these issues while maximizing the use of diet questionnaire information is the identification of dietary patterns which constitute groups of correlated food items in terms of their intake. Labelling these dietary patterns based on their correlated food items and relating the degree of their adherence to disease in an epidemiological study has increased in frequency since 2000. 11 With this approach, various dietary patterns have been found to be associated with increases and decreases in breast cancer risk.
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The National Enhanced Cancer Surveillance System (NECSS) is an ideal epidemiological dataset with which to produce robust findings on the potential association between breast cancer and diet using this dietary pattern approach. It is a Canadian nationwide population-based case-control study with detailed information on diet and a wide range of known breast cancer risk factors. The purpose of this analysis of the NECSS was to 1) identify dietary patterns using principal component factor analysis (PCFA) in the breast cancer component of the NECSS, and 2) evaluate the relationship between these dietary patterns and the incidence of breast cancer, while adjusting for various known and suspected risk factors. Diet represents an element of human behaviour which is modifiable. As such, it provides an opportunity for reducing risk if it can be accurately characterized and clearly communicated to the public.
MATERIALS AND METHODS
The NECSS, a national-scale case-control study, 14 
Dietary pattern analysis
Dietary patterns were identified by conducting PCFA on weekly intake of 68 of the food and beverage items (water was excluded) and the 10 variables representing years of vitamin and mineral supplement use. The PCFA was carried out by using the PROC FACTOR in SAS (SAS Institute, Cary, NC). An orthogonal rotation (VARIMAX option) was applied to reduce correlation between components. Each component represented a distinct dietary pattern. Dietary patterns with eigenvalues less than three were excluded on the basis of an inspection of the screen plots. 18 Each dietary pattern was defined by factor loadings for each food item. Positive factor loadings indicated a positive relationship between food items and the dietary pattern, and negative scores represented an inverse relationship. Higher factor loadings represented a higher contribution of a food item to the dietary pattern. Factor scores were then calculated for each subject by summing the products of each of the 78 food items' factor loading and intake. These factor scores represented each subject's adherence to the particular dietary pattern. The 25 th , 50 th and 75 th percentiles of the control's factor scores were calculated and used to class each case and control as an ordinal value of 1-4 representing increasing adherence to a dietary pattern.
Data analysis
Several characteristics of the study subjects were tested for their relationship with breast cancer by conducting univariate logistic regression analyses. These results were used to screen variables needed to adjust odds ratios (ORs) in the final models examining the breast cancer risk of dietary patterns. Multivariate logistic regression analyses were then conducted to produce ORs and their 95% confidence intervals were estimated using logistic regression to relate case-control status to each dietary pattern. All three identified dietary patterns were included in multivariate models to control for each other's effect. In the first model, adjustments were made for age using a 10-year age category. The final model adjusted for several additional factors. Covariates considered for inclusion in the final model were first-degree relative with breast cancer, body mass index, household income, total years of education, age at menarche, parity, smoking, environmental tobacco smoke exposure, total alcohol intake, menopausal status, province, total fat intake and total caloric intake. These variables were screened for collinearity with the dietary patterns and confounding. Effect modification of dietary pattern by menopausal status was tested by including a first-order interaction term. The lowest class of dietary pattern adherence was the referent condition in relating the increased risk of breast cancer associated with each other class. For each dietary pattern, a linear trend was tested by representing the dietary pattern adherence in the logistic regression by its original, continuous form (factor score). All logistic regression analyses were conducted using SAS EG version 5.1 (SAS Institute, Cary, NC).
RESULTS
Data for 759 subjects (353 cases and 406 controls) were lost due to incomplete dietary questionnaire information. No difference in BMI was noted between retained and lost subjects, suggesting a similarity between dietary habits. With the remaining 2,009 cases and 2,086 controls, three major dietary patterns were identified in the PCFA (Table 1) , accounting for 20% of the variability in the original data. Each food item is presented with factor loadings for each identified principal component (dietary pattern). We chose to label the first dietary profile as a "western" diet as it was represented by a high consumption of animal protein (e.g., meats and eggs), convenience foods (e.g., fries, hamburgers, potato chips) and dessert foods (e.g., pies, ice cream, doughnuts). The second dietary pattern was labelled as "healthy" as it was characterized by intakes of vegetables, chicken and fish. The third dietary pattern was designated 'vitamins' as it represented a dietary pattern associated with the intake of vitamin and mineral supplements. We also performed stratified PCFA analyses by region (see Supplementary Appendix B). The Atlantic provinces (Newfoundland, Nova Scotia and Prince Edward Island) were grouped together, as were the prairie provinces of Alberta, Saskatchewan and Manitoba. Ontario and British Columbia were left ungrouped as they each represent ample sample size respective to the other groups. The first three principal components in each of these regions produced similar axes to those produced "Western" "Healthy" "Vitamin" 
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using data from all provinces. They also accounted for a similar proportion of the dietary data. The characteristics of the study population considered as adjustment variables are presented in Table 2 . Increased risks of breast cancer were observed among women who had relatives with a history of breast cancer, had a higher BMI, had less household income, were less educated, had higher rates of alcohol intake, were younger at menarche, had fewer children, smoked more, had more exposure to environmental tobacco smoke, had more total caloric intake and consumed more fat. The total number of hours of moderate and strenuous physical activity was unrelated to breast cancer and thus not included as an adjustment variable. Total fat DIET PATTERNS, BREAST CANCER AND THE NECSS intake was also not included in the final model as it was found to be highly collinear with the first dietary pattern ( Table 3 ). The interaction term testing the effect of menopausal status on the main effects of interest was found to be non-significant for each dietary pattern and thus, stratified analyses were not done by menopausal status. 
DISCUSSION
Reviews on breast cancer and dietary patterns have found both null and positive, statistically significant relationships between "western" dietary patterns and breast cancer risk. 11, 19 Common food types characteristic of the "western" dietary pattern label in these studies were red and processed meats, sweets and desserts, refined grains, and potatoes. As factor loadings for these food types were high in our PCFA results for this pattern, it was deemed valid to use this label and allow for comparability with "western" dietary patterns in the literature. The high loading components of the "western" dietary pattern have been described as containing high levels of fats which have been suggested to be a factor in the development of breast cancer. Fatty acids, such as saturated fatty acids, monosaturated fatty acids and trans fatty acids have been linked with the development of mammary tumours in rodents, 20 however there remains inconsistency in the effects of these specific classes of fatty acids. 21 Other studies have investigated the intake of various types of fats and breast cancer risk in more detail, finding associations with saturated fat intake and null results for total fat intake. 22 The European Investigation into Cancer and Nutrition have recently found saturated and total fat intake to be related specifically to breast cancer, both estrogen-receptor-positive and progesterone-receptor-positive.
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A large meta-analysis of several case-control and cohort studies have found the "prudent/healthy" dietary pattern to have a protective effect against breast cancer.
11 Generally, this dietary pattern was described as having high loadings for plant foods. As well, a recent dietary pattern analysis of two Canadian cohort studies found a protective association with a healthy dietary pattern and decreased breast cancer risk. In these studies, this : <25, 25-30, >30), household income (n = 7 classes), total years of education (years, in quartiles), age at menarche (age, in quartiles), parity (nulliparous, 1, 2, ≥3), smoking (pack years, in quartiles), environmental tobacco smoke (years, in quartiles), total alcohol intake (drinks, in quartiles), menopausal status (yes/no), province (n = 8 provinces), and total caloric intake (kilojoules, in quartiles).
‡ p-value for association of dietary pattern with breast cancer risk in its continuous form.
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dietary profile has commonly been characterized as having high loadings for fruits, vegetables, chicken and fish. 24 While our second dietary pattern had high factor loadings for a variety of vegetables, chicken and fish, there were no fruit food items with factor loadings higher than 27. The lack of fruit food items notwithstanding, the high loadings for fish, chicken and vegetables validated the labelling of this dietary profile as "healthy" and facilitated the comparison of our results with other "healthy" dietary patterns in the literature. The labelling of "healthy" for this dietary pattern is related to its high loading of legumes and with that the representation of a high intake of fibre. Intervention studies on premenopausal women have indicated that increasing dietary intake of fibre can reduce serum estrogen and estradiol. This is an important factor as levels of circulating estrogens have been linked to the development of breast cancer. 25, 26 Also, cruciferous vegetables, which are characterized as green leafy vegetables, contain the antioxidant sulforaphane which has been shown to inhibit cancer cell growth. 27 Vitamins were included in the PCFA as other research has suggested that the intake of vitamins and supplements may be related to reducing incidence of cancer, specifically, vitamin E intake as a protective factor. 28 Dietary pattern 3, which was characterized as the use of supplemental vitamins and minerals, did show a significant protective relationship with the incidence of breast cancer. However, this was only for the third quartile relative to the first and was not also represented in the fourth quartile which weakens the strength of this result. The results of this investigation suggest the potential of vitamin and mineral supplementation as a distinct dietary pattern, independent of others.
Strengths and limitations
A strength of this study was the sample size relative to that of other case-control studies which have attempted the approach of relating dietary patterns to breast cancer incidence. In addition, the dietary information collected was done with a well-established and validated questionnaire. Furthermore, the NECSS is a national, population-based study, which adds credit to extending the conclusions of this study to the population in general both in dietary pattern information and their risks with regards to breast cancer. Ample data were available to investigate potential confounders, with some exceptions. Our analysis was limited by the lack of information on oral contraceptive use, a potential risk factor for breast cancer. 29 We were also unable to adjust for hormone receptor status, which has been found in some studies to affect the relationship between dietary factors and breast cancer. 30 It must be noted that the dietary data may be subject to differential recall bias as cases may have given the history of their diet more consideration on account of their diagnosis. However, all subjects were asked of their diet in the context of "two years ago", which would account for this to some degree. Last, the dietary pattern definition method has been cited as having issues with subjectivity and reproducibility in the development of the dietary patterns.
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Subjectivity of this method is introduced when researchers choose to group their dietary items before performing their pattern analysis. We chose to use all dietary items available, with the exception of water. Naming of dietary patterns has also been noted as a subjective stage of the process. We feel our uses of the common "western" and "healthy" labels were validated as these two dietary patterns were very similar in high-loading dietary items found in the literature.
CONCLUSION
Our dietary pattern analysis revealed three distinct patterns that accounted for 20% of the dietary information collected in the study. The "healthy" and "vitamin" dietary patterns were associated with a moderately reduced risk of breast cancer. The "western" pattern, which was characterized by higher intakes of red and processed meats and desserts, was not associated with breast cancer incidence. These relationships were not affected by menopausal status.
